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Design of Self-Assembled Peptide Assemblies and their Interactions with
Lipid Membranes
Nazmul H. Sarker, Ipsita A. Banerjee.
Fordham University, Bronx, NY, USA.
The membrane-binding properties of newly synthesized peptide amphiphiles,
N-alpha-amido-Ser-Gly-dodecane carboxylate and bis-(N-alpha amido-Ser-
Gly)-2,2’ bipyridine-3,3’ dicarboxylate were investigated. The peptide amphi-
phileswere first self-assembled in aqueous solutions of various pH values and their
morphologies were examined by electron microscopy. The membrane binding
properties of the nanoassemblies were then explored in the presence of cationic,
neutral and anionic lipids at varying pH values. Surface plasmon resonance
(SPR) was utilized to examine the binding of the peptide assemblies to
phosphatidic acid (PA), 1-palmitoyl-2-oleoylphosphatidylcholine, (POPC) and
1,2-dioleoyloxy-3-(trimethylammonio) propane (DOTAP). Zeta-potential mea-
surements as well as dynamic light scattering analysis were also carried out. In
some cases, the binding properties of the peptide assemblieswithmixed lipid com-
positions were also examined. Further, the nanoassemblies were tagged with rho-
damine and the incorporation into the lipid systemswas examined by fluorescence
spectroscopy. It was found that in general, the assemblies formed from N-alpha-
amido-Ser-Gly-dodecane carboxylate bound had higher binding affinities toward
DOTAP and POPC, while assemblies formed from the Ser-Gly bipyridine dicar-
boxylate moieties bound most efficiently to DOTAP. In order to further examine
the electrostatic interactions, varying concentrations of potassium chloride salt so-
lutions were also added to the buffer solutions. Further, circular dichroism spec-
troscopy studies were also conducted to examine the binding affinity of the
peptide assemblies and their conformational changes in the presence of the lipids.
Our results indicate that electrostatic interactions, in addition to concentration and
sizes and shapes of the peptide assemblies play a vital role in binding to the lipid
membranes. The peptide assemblies formed herein may mimic the structures of
natural amphiphatic peptides that tend to assemble at hydrophobic-hydrophilic in-
terfaces andmay facilitate the development of selective peptide assemblies for spe-
cific phospholipids for biosensor applications or for cellular delivery.
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Investigation into the Role of Phosphatidylserine in Modifying the Suscep-
tibility of Human Lymphocytes to Secretory Phospholipase A2 using Cells
Deficient in the Expression of Scramblase.
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Normal human lymphocytes resisted the hydrolytic action of secretory phospho-
lipase A2 but became susceptible to the enzyme following treatment with a cal-
cium ionophore, ionomycin. To test the hypothesis that this susceptibility
requires exposure of the anionic lipid phosphatidylserine on the external face
of the cell membrane, experiments were repeated with a human Burkitt’s lym-
phoma cell line (Raji cells). In contrast to normal lymphocytes or S49 mouse
lymphoma cells, most of the Raji cells (87%) did not translocate phosphatidyl-
serine to the cell surface upon treatment with ionomycin. Those few that did dis-
play exposed phosphatidylserinewere hydrolyzed immediately upon addition of
phospholipase A2. Interestingly, the remaining cells were also completely sus-
ceptible to the enzyme but were hydrolyzed at a slower rate and after a latency
of about 100 s. In contradistinction to the defect in phosphatidylserine transloca-
tion, Raji cells did display other physical membrane changes upon ionomycin
treatment thatmaybe relevant to hydrolysis by phospholipaseA2. These changes
were detected bymerocyanine 540 and trimethylammoniumdiphenylhexatriene
fluorescence and were common among normal lymphocytes, S49 cells, and Raji
cells. The levels of these latter effects corresponded well with the relative rates
of hydrolysis among the three cell lines. These results suggested that while phos-
phatidylserine enhances the rate of cell membrane hydrolysis by secretory phos-
pholipase A2, it is not an absolute requirement. Other physical properties such
as membrane order contribute to the level of membrane susceptibility to the en-
zyme independent of phosphatidylserine.
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Molecular Interactions and Membrane Targeting of Granuphilin C2
Domains: A Preliminary Study
Tatyana Liakhova, Jefferson Knight.
University of Colorado Denver, Denver, CO, USA.
Membrane-targeting proteins are crucial components of many cellular signaling
pathways, including the secretion of insulin. Granuphilin (also known as
synaptotagmin-like protein 4) is essential for proper insulin secretion and actsmost likely in docking the exocytic vesicles to the plasma membrane. However,
the precise mechanisms of its membrane targeting and regulation remain uncer-
tain. Granuphilin contains two C2 domains (C2A and C2B) involved in the pro-
cess of docking to the lipid bilayer of the plasma membrane. Previous studies
suggest that at least the C2A domain is essential for proper plasma membrane
docking. The present study focuses on determining the target lipids, affinities
and kinetics of both granuphilin C2 domains using fluorescence spectroscopy
andmicroscopymethods. Preliminary data suggest that bothC2 domains require
phosphatidylinositol polyphosphate (PIPx) lipids for membrane targeting, and
do not have a significant affinity for major plasma membrane components
such as phosphatidylserine (PS) or zwitterionic lipids. Our experimental results
confirm the observation that granuphilinC2-membrane binding isCa2þ indepen-
dent, in contrast to closely related C2 domains from synaptotagmin 1 and others.
Current results of this ongoing studywill be presented.Overall, this study aims to
clarify importantmolecular interactions between granuphilin and signaling lipid
molecules for insulin secretion.
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Adsorption and Rheological Properties of Myelin Basic Protein and Effects
On the Interaction Forces Between Myelin Bilayers
Dong Woog Lee, Xavier Banquy, Kai Kristiansen, Jacob N. Israelachvili.
UCSB, Santa Barbara, CA, USA.
Myelin Basic Protein (MBP) plays an important role in myelin structure,
strongly holding the cytoplasmic membrane sides together mainly by electro-
static and hydrophobic interactions [1]. MBP is also known to affect lipid do-
mains, increasing their size by lowering the line tension [2]. In this work, the
rheological properties of MBPs between model myelin lipid bilayers and the
effect of MBP on interaction forces are studied using the Surface Force Appa-
ratus (SFA) technique. Results show that above a certain critical bulk concen-
tration, Ccrit, MBP adsorbs abruptly on lipid membranes, forming a 3 nm - thick
layer in which the viscosity is 2 to 3 times higher than the bulk MBP solution.
Also, above thisCcrit, normal myelin membranes show higher adhesion and less
repulsion compared to EAE (a model for multiple sclerosis) myelin lipid bila-
yers while below Ccrit, there was no evidence of MBP adsorption and no signif-
icant difference between the force profiles of normal (healthy) and EAE
(diseased) myelin bilayers. These results suggest that MBP adsorbs ‘‘coopera-
tively’’ in clusters/domains to myelin bilayers, and provide new insights in to
how lipid-protein domains affect inter-membrane interactions.
References:
[1] Min, Y., et al., Interaction forces and adhesion of supported myelin lipid bi-
layers modulated by myelin basic protein. PNAS, 2009. 106(9): p. 3154–3159.
[2] Y. Min, et al., Critical and Off-Critical Mixing-Demixing Transitions in
Model Extracellular and Cytoplasmic Myelin Lipid Monolayers. Biophys. J.
(2011) 100 1490–1498.
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Phosphatidylinositol specific phospholipase Cs (PI-PLCs) from extra-cellular
bacterial pathogens are associated with bacterial virulence. Membrane binding
and enzymatic activity of many of these PI-PLCs is specifically enhanced by
the presence of phosphatidylcholine (PC), an abundant phospholipid in the
outer plasma membrane of eukaryotic cells targeted by these bacteria. In order
to study the interactions of PI-PLC with the membrane, we first had to deter-
mine the orientation of the enzyme at the surface of a bilayer. This was
achieved using an implicit membrane model (IMM1). To identify the molecular
basis of membrane binding in these PI-PLCs, we then performed all-atom
molecular dynamics (MD) simulations using the Bacillus PI-PLC structure
and either a dimyristoylphosphatidylcholine (DMPC) or dimyristoylphosphati-
dylglycerol (DMPG) lipid bilayer. PI-PLC binding to DMPC bilayers was char-
acterized by pi-cation interactions between the choline headgroups and
a number of Trp and Tyr residues located in the B-helix, G-helix and active
site rim loops, regions that have also been experimentally identified as impor-
tant for PI-PLC membrane binding. Pi-cation occupancies for a single Trp or
Tyr residue varied amongst the 6 PI-PLC copies in the MD simulations, consis-
tent with experiments in which mutagenesis of a single aromatic residue in
these regions had a limited impact on PI-PLC membrane binding and activity.
A striking difference in the simulations using DMPG lipids is the absence of
specific interactions mediated by the headgroups, which has an effect on the
Sunday, February 26, 2012 79abinding energy. Together, the simulations and experimental results suggest that
PI-PLC binding to PC-rich membranes is mediated by aromatic-rich surface-
accessible regions of the protein that engage in a myriad of transient pi-
cation interactions with choline headgroups. This PC-binding mechanism
may be utilized by other peripheral membrane proteins.
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Hydrophobic Matching Between Phospholipid Bilayers and Helical
Peptides Affects the Memrbane Affinity of Sterols
Kristian Ija¨s, Thomas K.M. Nyholm.
A˚bo Akademi University, Turku, Finland.
The lateral organization of cell membranes is important for several cellular
functions including signaling and membrane trafficking. In addition pathogen
uptake and influenza virus budding is associated with sphingolipid and choles-
terol enriched lateral membrane domains. The lateral structure of membranes is
in part controlled by lipid self-organization, but it is becoming increasingly
clear that also membrane proteins can play an active role in the maintenance
of the lateral structure. Cholesterol is thought to have an important role in lat-
eral organization of eukaryotic cell membranes. As cholesterol also has been
implicated to take part in the sorting of cellular transmembrane proteins it is
a good starting point to determine how transmembrane proteins influence the
lateral sorting of cholesterol in phospholipid bilayers. Insight into this can be
obtained by studying how cholesterol interacts with bilayer membranes of dif-
ferent composition in the presence of different transmembrane peptides, mim-
icking the transmembrane helices of proteins. By measuring the equilibrium
partitioning of the fluorescent cholesterol analogue cholestatrienol (CTL) be-
tween large unilamellar vesicles and methyl-beta-cyclodextrin the effect of hy-
drophobic matching on the affinity of sterols for phospholipid bilayers was
determined. The results showed that increasing positive mismatch led to higher
affinity of the sterol for the bilayers. This suggests that hydrophobic matching
could affect the lateral organization of cholesterol in cell membranes and have
an important role especially in membrane trafficking.
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Lipid rafts are dynamic signaling hubs packed with ordered lipids on the cell
membrane. Lipid rafts in erythrocytes can be classified into two types:
flotillin-associated rafts and stomatin-associated rafts. We previously found
by biochemical means that these two types of rafts coalesce on the erythrocytes
expressing the Mi.III blood type. Mi.III is one of the most important blood
groups in the field of transfusion medicine in Southeast Asia. Mi.III encom-
passes a characteristic hybrid structure of glycophorin A and glycophorin B,
termed Gp.Mur, and is part of the band 3 macrocomplexes on the erythrocyte
surface. Band 3 is known to be partially associated with erythrocyte rafts. The
objective of this study was to examine if Gp.Mur was associated with rafts on
Mi.IIIþ cells. We assessed the protein-protein interaction between Gp.Mur and
band 3 by measurements of FRET using fluorescent lifetime imaging micros-
copy (FLIM). In these experiments, band 3 and GFP-Gp.Mur fusion constructs
were co-transfected into HEK-293 cells, and band 3 was labeled with Alexa
Fluor-568 prior to FLIM-FRET measurements. Here, GFP served as the donor
and Alexa Fluor-568 as the acceptor fluorophore if FRET occurred. We found
that the fluorescence lifetime of the donor was significantly shorter at some sur-
face edges in the cells coexpressing Gp.Mur-GFP and band 3; this phenomenon
however was not observed in the cells expressing Gp.Mur-GFP only. We thus
conclude that Gp.Mur and band 3 interact within 10 nm on particular regions of
the plasma membrane, some of which are likely lipid rafts. Because Mi.IIIþ
erythrocytes are superior in CO2 metabolism, pH homeostasis and cell mem-
brane resilience, as compared to the non-Mi.III cells, their unique raft organi-
zation is expected to have functional implications.
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Aggregated a-synuclein in Lewy bodies and Lewy neurites are hallmarks of
Parkinson’s disease (PD). Recent observations that aggregated a-synuclein is
propagated to healthy neurons grafted into brains of PD patients prompted
our study. We asked whether any, and if so which, molecular form(s) of a-syn-
uclein can pass over model phospholipid bilayers. Confocal fluorescence mi-
croscopy was used to study the binding of Alexa488 labeled a-synuclein togiant unilamellar vesicles (GUVs) and to monitor if the a-synuclein is trans-
ported over the phospholipid bilayers. The GUVs were composed of mixtures
of DOPC and DOPS or DOPC and cardiolipin at different molar ratios to vary
the membrane charge. All lipids chosen for this study are common in human
membranes. Cardiolipin is primarily found in the mitochondrion, i.e. an organ-
elle that is implicated in PD pathogenesis.
We studied membrane binding and transport for monomeric, fibrillar as well as
on-pathway a-synuclein samples. To enable preparation of samples represent-
ing defined time points during the aggregation lag period, conditions were iden-
tified that resulted in reproducible aggregation kinetics at moderate shaking and
at quiescent conditions. We observed association to lipid membranes for on-
pathway species and equilibrium aggregates, but not for monomers. Particu-
larly strong association was found between a-synuclein and GUVs that con-
tained cardiolipin or DOPS. By contrast, a-synuclein did not associate with
GUVs containing DOPC only. No transport of a-synuclein over the GUV bila-
yer was observed under any of the conditions studied. Labeled a-synuclein was
never observed inside the GUVs although clearly visible in the surrounding
buffer. This suggests that the transport of a-synuclein over membranes, which
has been observed in several previously published cell culture experiments, re-
quires additional molecular components and/or an active transport mechanism.
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Recoverin : A Solid-State NMR and FTIR Study
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NCS proteins consist of 4 domains called EF-Hand, which are 2 a-helices joined
by a loopwith a highly conserved sequence. Binding of calcium ions by this loop
induces important conformational changes in the protein. Most of the NCS also
have a N-terminal sequence recognized by N-myristoyl transferase which is re-
sponsible for the acylation of the proteins. At low calcium concentration, the
myristoyl group is sequestered into a hydrophobic cavity. The binding of 1 to
4 Ca2þ leads to the extrusion of the myristoyl (known as the calcium myristoyl
switch) and the exposure of many hydrophobic residues allowing the protein to
go from a cytosolic form to a membrane bound form. This property has an im-
portant biological function in the visual phototransduction cascade. In fact, the
absorption of a photon by the visual pigment rhodopsin leads to an important de-
crease of calcium level in photoreceptors and recoverin, one of the NCS family,
plays a key role in the recovery phase of visual excitation by inhibiting rhodopsin
kinase at high calcium level. An interesting fact is that the membrane composi-
tion of the photoreceptor rod outer segments is known to be very different from
that of othermembranes, withmore than 60%of the lipids being polyinsaturated.
We have determined in the present study how themembrane composition affects
the reversible membrane binding of recoverin. More specifically, 31P solid-state
NMR and 2H solid-state NMR have been used to get information respectively
about the lipid polar head groups and the recoverin myristoyl group. FTIR
was also used to study the structure of recoverin (amide I’ band) and the lipid
acyl chains (CH2 symmetric stretch band).
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Phosphatidylinositol-specific phospholipase Cs (PI-PLCs) secreted by patho-
genic bacteria are often virulence factors. For one well-studied example,
Bacillus thuringiensis PI-PLC (BtPI-PLC), the presence of the non-substrate
lipid phosphatidylcholine (PC) in membranes enhances both membrane bind-
ing and enzymatic activity towards phosphatidylinositol (PI). A strip of four
surface-exposed Tyr residues near the rim of the a/b-barrel are involved in
this enhancement, and it has been proposed that this strip contributes to a
specific PC binding site. The related PI-PLC from Staphylococcus aureus
(SaPI-PLC), has similar kinetic characteristics to BtPI-PLC, but has only two
Tyr residues in the same region. While SaPI-PLC can also be specifically ac-
tivated towards PI cleavage by incorporation of PC into assay systems, SaPI-
PLC membrane binding as a function of PC content is considerably weaker
than that of BtPI-PLC. Mutagenesis of the two SaPI-PLC Tyr residues
(Y253S/Y255S) reduces interfacial activity of SaPI-PLC. Adding the two
‘missing’ Tyr residues (N254Y/H258Y) did not further enhance SaPI-PLC
specific activity but it dramatically enhanced binding of the protein to PC-rich
